INTRODUCTION
The species of Illicinae are likely to constitute a large portion (59%) of the annual world ommastrephid squid catches (1.3 million tn; FAO, 1998) . Illex coindetii (Ve¤ rany, 1837) represents a valuable resource due to its abundance in speci¢c areas of the Mediterranean and Atlantic Ocean, where multiple studies on its life cycle characteristics have been conducted (Sa¤ nchez et al., 1998) . The species plays an important role in marine food webs providing prey items for demersal predators (Sa¤ nchez et al., 1998) . However, information on the biology of I. coindetii throughout its distribution range, especially within the central Mediterranean waters, has been scarce (e.g. Belcari, 1996) and thorough research of its population structure is needed.
Previous analysis of length^frequency distributions for I. coindetii samples from western and central Mediterranean showed no evidence for the existence of distinct spawning populations (Belcari, 1996; Gonza¤ lez & Guerra, 1996; Sa¤ nchez et al., 1998) . However, based on morphological analysis, some seasonal peaks of spawners individuals seem to exist and they may vary with geographical area (Gonza¤ lez & Guerra, 1996; Sa¤ nchez et al., 1998) . Thus, individuals had a major peak in autumn (Sa¤ nchez et al., 1998) , and in spring and summer at the Mediterranean and Iberian Atlantic, respectively (Gonza¤ lez & Guerra, 1996) . Moreover, previous morphological studies had shown geographical variation in spite of no conclusive result in the population structure of I. coindetii throughout the Mediterranean and Atlantic waters (Herna¤ ndezGarc|¤ a & Castro, 1998; Sa¤ nchez et al., 1998) . Genetic information of the species may provide a valuable contribution to a better understanding on the degree to which species are subdivided into e¡ective populations or stocks, which is one of the most fundamental problems in any ¢shery (Sa¤ nchez et al., 1998) .
There is a lack of genetic studies on Mediterranean versus Atlantic populations within ommastrephids. The analysis of geographical structure by electrophoretic characterization of allelic isozymes has been successful for other cephalopods (Maltagliati et al., 2002; Yeatman & Benzie, 1993) , and particularly for other Illex species (Carvalho et al., 1992) .
Temporal genetic population analysis has proved to be fruitful for objective stock identi¢cation on migrating teleosts (e.g. Waples & Teel, 1990 ) although this time-variable research has been absent for cephalopods. Many allozyme studies on marine populations have compared their genetic structure from di¡erent locations, under the assumption that the protein variation was temporally homogeneous and therefore geographically comparable (Mo¡ett & Crozier, 1996) . The present paper is aimed to evaluate potential geographic di¡erentiation among populations of I. coindetii inhabiting the Tyrrhenian Sea and Iberian Atlantic waters, and to assess temporal stability of the allele frequencies out of 33 enzyme-coding loci from simultaneously captured samples through seasons within a year.
MATERIALS AND METHODS

Sampling
Sample codes, sampling areas, seasons and number of specimens per sample are shown in Table 1 . Samples were freshly caught at local ¢shing auctions at Ribeira (north-western Iberian Atlantic coast) and Pisa (northernTyrrhenian Sea, Italy) by bottom-trawlers. Over time sampling for the four seasons (1997^1998) analysis within each area was obtained simultaneously. Collected Illex coindetii individuals were both juvenile and mature and completed the one-year life cycle of the species, what excluded the possibility to have sampled di¡erent cohorts as it would be the case for teleost species. Specimens were kept at 7208C while shipping to the laboratory where they were deepfrozen at 7808C until processing. A total of 240 individuals were analysed by allozyme starch-gel electrophoresis.
Electrophoresis procedure
Horizontal starch-gel electrophoresis was carried out based on Murphy et al. (1996) . A piece (11611mm) of mantle muscle was sliced out for homogenization with 0.01 M dithiothreitol (DTT) solution. The homogenate was centrifuged at 12,000g for 10 min at 48C and the supernatant was embedded in Whatman strips no. 2 and 3. Hydrolysed-starch gels (12%, SIGMA starch) were run at constant voltage at 48C. Enzyme systems routinely examined with adequate activity and resolution were shown in Table 2 . The Tris-citrate, pH 8.0 bu¡er system (gel bu¡er dilution 1:11) was used for most of the enzymes (at 4.6 Vcm
71
) except for ADA, G6PDH and GPI where Tris-borate-EDTA, 8.7 bu¡er was used (gel bu¡er dilution 1:9 for ADA with 3.6 Vcm 71 and 1:5 for G6PDH and GPI with 10 Vcm
) and for MEP and the locus OPDH-3* where citrate morpholine, pH 7.4 bu¡er was employed. These enzymes were stained according to recipes in Murphy et al. (1996) , with some variations for AAT, ACP, DDH, ESTD, IDHP, LAP, MPI, PEPA, PEPB, PEPD, PGDH, PGM, PK (e.g. Harris & Hopkinson, 1976) . The 26 enzymes resolved 33 putative enzyme-coding loci. Banding patterns of the presumptive loci were interpreted according to the current subunit structure of each enzyme. Notations for allozymes are based on recommendations by IUBMB (1992). Arabic numerical su⁄xes for multiple loci (1, 2,..) and for alleles (*100,*105,..) are presented in order of decreasing and increasing anodal mobility, respectively, where the allele *100 corresponded to the most frequent.
Data analysis
Genotype frequencies at polymorphic loci were tested for agreement with Hardy-Weinberg (HW) expectations by chi-squared tests, and the probability of the null hypothesis was estimated using the Markov chain method (Guo & Thompson, 1992 ). Mean expected heterozygosity (H e ) per locus (unbiased estimate), observed heterozygosity (H o ), mean number of alleles (N a ) and proportion of polymorphic loci P 95 (Nei, 1987) were calculated for each sample. Arcsine square-root transformations of H e were compared among samples by t-test analysis (Sokal & Rohlf, 1981) . One level-hierarchical analysis of gene diversity (Wright, 1978) was carried out for seasons nested within each locality. F-statistic estimates after 2000 permutations were tested relying on log-likelihood Gstatistics by FSTAT (Goudet, 1995) . The statistic F IS was computed for HW variation within samples being alleles permuted among individuals by FSTAT. The signi¢cance of F ST for the temporal comparisons was assessed using the chi-squared test of Workman & Niswander (1970) (Sokal & Rohlf, 1981) . Wherever signi¢cance testing occurred, Bonferroni's procedures were employed to eliminate false signi¢cance assignment by chance (Rice, 1989) . Waples' (1989) correction for the temporal variation analysis was not appropriate due to the presence of loci with more than three alleles within samples of N580 individuals. Cavalli-Sforza & Edwards' (1967) chord (D cho ) genetic distance among samples was computed (PHYLIP; Felsenstein, 1993) and UPGMA analysis and non-metric multidimensional scaling (nMDS) (Kruskal, 1964) , superimposed by a minimum-spanning tree (MST), were performed from D cho data. Bootstrapped values for the UPGMA were computed after 100 tree replicates using PHYLIP.
RESULTS
Genetic variability
Allele frequencies at 23 polymorphic enzyme-coding loci are shown in Table 3 . Ten loci out of 33 were monomorphic in most samples analysed (AAT-1*, AAT-2*, ARK*, GAPDH*, GPI-1*, GPI-2*, MDH-2*, MPI-1*, PK*, SOD*), while 11 loci showed one or two rare alleles (allele frequency 50.05), and 12 loci exhibited a moderate variability with 2, 3 or more alleles (up to 6) per locus (ACP*, ALPDH*, EST*, G3PDH*, G6PDH*, IDDH*, IDHP-1*, IDHP-2*, MDH-1*, OPDH-3*, PGDH*, PGM*).
Heterozygosities (H o , H e ), average number of alleles per locus (N a ) and 95% polymorphism (P 95 ) indicated general low to moderate values for all samples analysed (Table 3) . Signi¢cant di¡erences between observed heterozygosities was found for IcPSum vs IcWSum (t¼2.042, P50.05) and IcPSum vs IcWAut (t¼2.457, P50.05).
Values from the winter and spring individuals of the Atlantic (H o ¼0.035 and 0.031, respectively) were higher than in the summer and autumn populations (H o 50.021), and generally less variable in Italian waters (H o ¼0.0200
.025) except for the summer sample. However, heterozygosity variations were only signi¢cant if considering the Italian combination (t¼3.365, P50.005); N a was lower than 1.5 for all analysed populations (1.21^1.48) except for the summer IcPSum (N a ¼1.73 AE0.13) and spring Iberian samples (N a ¼1.58 AE0.12). Similarly, 95% polymorphism was highest for the summer Italian and spring Iberian populations, both reaching P 95 ¼0.15 (Table 3) . The F-values between loci and populations showed no signi¢cant deviation from HW expectations apart from the summer Italian individuals at PGM* locus, and the two spring samples at IDHP-2* and ALPDH* loci, for the Iberian and Italian populations, respectively. However, such deviations were not signi¢cant after Bonferroni correction. The statistic F IS showed no signi¢cant variation for HW within samples where alleles were permuted among individuals (Table 3) .
Population di¡erentiation
Average F ST values were generally low for the overall, geographic and temporal comparisons (Table 4) . Hierarchical analysis of gene di¡erentiation showed that 12% of total variance was accounted for by the combination of both geographic and temporal (seasons) factors. Population di¡erentiation due to the geographic variance (Atlantic Iberian versus Italian samples) was the lowest (F ST ¼0.000, Table 4 ). Nei's (1987) unbiased F-statistic estimates (F ST ) showed variation at the loci G6PDH* (F ST ¼0.004, P50.05), MDH-1* (F ST ¼0.040, P50.001), PGHD* (F ST ¼0.055, P50.001) and G3PDH* (F ST ¼0.034, P50.001) after log-likelihood G-statistic testing within geographical, winter, spring and autumn comparisons, respectively (Table 4) . For temporal testing adjustment of frequencies signi¢cance, a chi-squared test was applied (Workman & Niswander, 1970) .101). The UPGMA analysis (after D cho genetic distances) resulted in separating the summer and spring populations of Pisa and the Atlantic (IcPSum and IcWSp, respectively) from the bulk of the other six samples (Figure 1) . Likely, MDS analysis together with the MST showed IcPSum, IcWSp and IcPW samples as the most genetically distant, with signi¢cant goodness of ¢t of D cho values in the con¢g-uration space (0.05^0.10), which in turn showed dissimilarities among Illex coindetii samples in agreement with UPGMA results (Figure 2 ).
DISCUSSION
Genetic variability
Genetically low variable populations of Illex coindetii occurred at both Tyrrhenian and Atlantic locations and at the four seasons one-year round examined (see Table 3 ). Similar results were found in previous enzyme studies on I. argentinus possibly due to the type of genetic markers employed (Carvalho et al., 1992) . General depressed variability seems to be present in cephalopods and mobile oceanic species, in contrast to other marine invertebrate organisms (Nevo, 1978) . However, the presence of the moderately variable population of summer IcPSum at the northern Tyrrhenian could not be associated with previous analysis due to the lack of genetic seasonal studies. Thus, variability parameters might be likely to correlate with time and location, although very few studies have been done for both components along genetically diverse populations at large geographical scales (Fujio et al., 1983) .
Population di¡erentiation
General genetic uniformity of the widely separated samples of Illex coindetii o¡ the northern Tyrrhenian and Iberian Atlantic waters was indicated from low F ST values and genetic distances. This was not surprising where a homogeneous pattern of population structure has been found morphologically in I. coindetii at the eastern Atlantic for the whole-year round (Sa¤ nchez et al., 1998) , and at the western Atlantic versus Mediterranean (Zecchini et al., 1996) . In spite of the existence of few polymorphic enzyme loci (present study), the low levels of sample di¡er-entiation in I. coindetii and in other marine invertebrates are consistent with the occurrence of a large homogeneous population over extensive dispersal areas throughout the year (Dawe & Brodziak, 1998) . Nevertheless, some genetic variation was indicative in I. coindetii samples from the seasonal (up to F ST ¼0.015) but not geographic variable (F ST ¼0.000, present study). A temporal di¡erentia-tion pattern in other marine populations has seldom been analysed (Maltagliati & Camilli, 2000) , implying a conservative use of results interpretation for population structure conclusions (Waples, 1989) . However, I. coindetii species have presented spawning peak activity that varied widely with areas and seasons along the Mediterranean and Atlantic (Gonza¤ lez & Guerra, 1996; Sa¤ nchez et al., 1998) , under the possibility of spawning stocks structure. Hierarchical analysis of gene di¡erentiation had showed that 12% of total variance existed by the combination of both geographic and temporal (seasons) factors, possibly at the most distant samples of summer in Italy (IcPSum) and of spring in the Atlantic (IcWSp). Similarly, some loci variation had occurred at certain times of the year (Table 4) . A temporal morphological comparison had been previously made in individuals from the northern Tyrrhenian and from the southern Tuscan archipelago, being summer specimens distinct from spring samples (Belcari, 1996) . Thus, the latter ultimately may support the existence of two or more groups of I. coindetii with di¡erent growth rates that depended on the hatching season (Belcari, 1996; Sa¤ nchez et al., 1998) , or on the hydrological characteristics (Herna¤ ndez-Garc|¤ a & Castro, 1998). Thus, major maturation peaks in autumn and spring were revealed at the western Mediterranean (see Sa¤ nchez et al., 1998) , which might correspond to the existence of di¡erent spawning groups. However, the slight genetic variation found for few loci in winter, spring and autumn, should not be indicative of population structuring (present study). From the UPGMA and MDS-MSTresults only the summer Italian I. coindetii IcPSum and spring Iberian IcWSp samples were genetically separated from the rest (64% bootstrap at the UGMA, see Figures 1 &  2) . Previous genetic studies based on DNA techniques did not solve the population structure identi¢cation in its counterpart I. argentinus (Adcock et al., 1999) . Furthermore, no consistent pattern of geographic or temporally based stock structure was apparent using microsatellite markers on the latter species (Adcock et al., 1999) , which did not con¢rm previous suggestions of cryptic species or de¢ned stocks at a microgeographic level (Carvalho et al., 1992) . Within the Mediterranean teuthofauna, there is no evidence of isolation because of the large water in£ow to the local basins and the uniformity of salinity and temperature along the water column. Our results suggest, in conclusion, the presence of a homogeneous population structure of the migrating I. coindetii individuals at least from the central Mediterranean to the Iberian Atlantic, the summer Italian and the spring Atlantic samples being the most divergent among the whole. Incipient temporal variation may be a¡ecting the population structure of I. coindetii at some degree, being of interest for further molecular investigation of the species.
